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(54) Method for controlling low-power state in mobile handset

(57)  Providedis a method for controlling a low-power
state in a mobile handset. The method includes shifting
from an active state to a low-power idle state by blocking
power of modules for a mobile communication function
and decreasing a frequency of a control clock when an
inactive request of the mobile communication function is
received; shifting from the low-power idle state to a low-
power access state by increasing the frequency of the

control clock when an additional service request is re-
ceived; shifting from the low-power access state to the
low-power idle state if an additional service request is
not received any more; shifting from the low-power idle
state to a suspension state by suspending the control
clock when request is not received for predetermined
time; and shifting from the suspension state to the low-
power idle state when the input interrupt and the timer
interrupt occur.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The presentinvention claims priority of Korean
Patent Application No. 10-2006-0094382, filed on Sep-
tember 27, 2006, which is incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The present invention relates to a method for
controlling a low-power state in a mobile handset; and,
more particularly, to a method for controlling a low-power
state in a mobile handset that can provide a low-power
state disconnected with a mobile communication network
by inactivating a mobile communication function through
manipulation of a user and controlling a control clock.

[0003] This work was supported by the Information
Technology (IT) research and development program of
the Korean Ministry of Information and Communication
(MIC) and the Korean Institute for Information Technol-
ogy Advancement (IITA) [2005-S-017-02, "Integrated
Development of Ultra Low Power RF/HW/SW SoC"].

Description of Related Art

[0004] In present invention, a mobile handset is a po-
table terminal capable of transmitting/receiving voice,
messages and video data through a mobile communica-
tion network, such as a Personal Communication Service
(PCS) terminal, a Personal Digital Assistant (PDA), a
smart phone, an International Mobile Telecommunica-
tion 2000 (IMT-2000) terminal, a wireless local area net-
work (LAN) terminal.

[0005] Figs. 1 to 2 illustrate state machines of a con-
ventional mobile handset.

[0006] As shown in Fig. 1, the state machine of the
conventional mobile handset includes a power-off state
100 in which power is not supplied and an active state
110in which power is supplied and functions are activat-
ed.

[0007] AsshowninFig. 2, the active state 110includes
a traffic state 111, an access state 112, an idle state and
a sleep state 114.

[0008] Each of states is shifted by users’ manual or
control of a power manager which pre-programmed cor-
responding to the current state of the mobile handset.
[0009] Incase of Qualcomm MSM 6000 series modem
processor, the traffic state 111, the access state 112, the
idle state 113 and the sleep state 114 are operated by a
150 MHz control clock.

[0010] In addition, the sleep state 114 is a power-sav-
ing mode periodically searching a specific slot of a paging
channelin predeterminedtime. In case of a Code Division
Multiple Access (CDMA) system, a cycle of one slot is
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1.28 seconds and one cycle includes 16 slots. After all,
there are a total of 128 cycles and 2048 slots and the
CDMA system enters the power-saving mode by setting
up an index value for the cycle of slot. The power-saving
mode is provided in a Wideband Code Division Multiple
Access (WCDMA) and a Global System for Mobile com-
munication (GSM) similarly to the power-saving mode of
the CDMA system.

[0011] The user of the conventional mobile handset
turns off the power of the handset or converts the mode
of the handset to a manners mode, e.qg., vibration or si-
lence, when the user is in a public place such as a con-
ference room or a theater.

[0012] When the power of the conventional mobile
handset is turned off, additional functions such as watch,
address management, schedule management, camera,
voice recording and music playing cannot be provided to
the user, and urgent call cannot be received.

[0013] In addition, when the user converts the mode
of the conventional mobile handset to the manners mode
to use the additional functions or not to miss calls in the
public place, the user does not answer the received call
due to awareness of the public place or hangs off the
received callimmediately. Actually, though the user does
not use the mobile communication function, the power
of the mobile handset is consumed for maintaining ac-
cess to the mobile communication network, and the user
is exposed to unnecessarily received calls.

SUMMARY OF THE INVENTION

[0014] An embodiment of the present invention is di-
rected to providing a method for controlling a low-power
state in a mobile handset that can reduce power con-
sumption and eliminate unnecessary received calls by
inactivating a mobile communication function automati-
cally in predetermined time or upon manipulation of a
user, controlling a control clock and providing a low-pow-
er state, which is a state that the handset is disconnected
with a mobile communication network, when the mobile
communication function is not necessary or when the
useris in a public place which the mobile handset is used
for additional functions such as watch, address manage-
ment, schedule management, camera, voice recording
and music playing more than the mobile communication
function.

[0015] Another embodiment of the present invention
is directed to providing a method for controlling a low-
power state in a mobile handset that can receive call
information such as short messages and absent calls in
the low-power state by inactivating a mobile communi-
cation function, accessing to the mobile communication
network automatically, receiving the call information and
performing disconnection of the access.

[0016] Other objects and advantages of the present
invention can be understood by the following description,
and become apparent with reference to the embodiments
ofthe presentinvention. Also, itis obvious to those skilled
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in the art to which the present invention pertains that the
objects and advantages of the present invention can be
realized by the means as claimed and combinations
thereof.

[0017] In accordance with an aspect of the present in-
vention, there is provided a method for controlling a low-
power state in a mobile handset, including: shifting from
an active state to a low-power id le state by blocking
power of modules for a mobile communication function
and decreasing a frequency of a control clock when an
inactive request of the mobile communication function is
received from a user; shifting from the low-power idle
state to a low-power access state by increasing the fre-
quency of the control clock when an additional service
request is received from the user in the low-power idle
state; shifting from the low-power access state to the low-
power idle state if the additional service request is not
received any more in the low-power access state; shifting
from the low-power idle state to a suspension state by
setting an input interrupt and a timer interrupt and sus-
pending the control clock when a request from the user
is not received for predetermined time in the low-power
idle state; and shifting from the suspension state to the
low-power idle state when the inputinterrupt and the timer
interrupt occur in the suspension state.

[0018] In accordance with another aspect of the
present invention, there is provided a mobile handset in
a low-power mode that adjusts a clock frequency of a
clock generating unit and a power voltage of a controlling
unit dynamically and uses an active state and an inactive
state of a mobile communication modem different from
the conventional mobile handset.

[0019] According to the method of the present inven-
tion, a mobile handset can provide call information such
as short messages and absent calls received by period-
ically shifting from a mobile communication inactive state
to the active state based on manipulation of a user or a
power management program and accessing to the mo-
bile communication network.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Figs. 1 to 2 illustrate state machines of a con-
ventional mobile handset.

[0021] Fig. 3 illustrates a state machine of a mobile
handset in accordance with an embodiment of the
present invention.

[0022] Fig. 4 illustrates a low-power state of a mobile
handset in accordance with an embodiment of the
present invention.

[0023] Fig. 5 is a block diagram illustrating a mobile
handset to which the present invention is applied.
[0024] Fig. 6 is a flowchart showing a method for con-
trolling a low-power state of the mobile handset in ac-
cordance with an embodiment of the present invention.
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DESCRIPTION OF SPECIFIC EMBODIMENTS

[0025] Other objects and aspects of the invention will
become apparent from the following description of the
embodiments with reference to the accompanying draw-
ings, which is set forth hereinafter. Also, when it is con-
sidered that detailed description on a related art may ob-
scure the points of the present invention unnecessarily
in describing the present invention, the description will
not be provided herein. Hereinafter, specific embodi-
ments of the present invention will be described with ref-
erence to the accompanying drawings.

[0026] Fig. 3 illustrates a state machine of a mobile
handset in accordance with an embodiment of the
present invention.

[0027] As shown in Fig. 3, the state machine of the
mobile handset in accordance with the presentinvention
includes a power-off state 100, an active state 110 and
a mobile communication function inactive state 310.
Since the power-off state 100 and the active state 110
are the same as those of the conventional handset, ad-
ditional description of them will be omitted.

[0028] A shifting from the mobile communication func-
tion inactive state 310 to the active state 110 and vice
versa can be performed by inputting a state shifting signal
through a separate key in a keypad or by using a graphic
user interface (GUI) of a menu.

[0029] Here, a shifting method based on the GUI of
the menu provides a timer function so that the mobile
handset can be kept in the mobile communication func-
tion inactive state 310 for a predetermined time, e.g.,
intensive working time or sleeping time.

[0030] Fig. 4illustrates alow-power state of the mobile
handset in accordance with an embodiment of the
present invention.

[0031] As shown, the low-power state of the mobile
handset, i.e., the mobile communication function in the
active state 310, in accordance with the presentinvention
includes a low-power access state 311, a low-power idle
state 312 and a suspension state 313.

[0032] Referring to Fig. 5, a method for controlling a
low-power state of the mobile handsetin accordance with
the present invention will be described.

[0033] As shown in Fig. 5, when a control unit 55 re-
ceives a mobile communication function inactive request
from a user, the control unit 55 cuts off power supplied
to modules such as a transmitting unit 51, a receiving
unit 52 and a modem unit 53 for the mobile communica-
tion function and is shifted into the low-power idle state
312.

[0034] When modules related to the mobile communi-
cation function do not operate, a function for accessing
to the mobile communication network is inactivated, and
the amount of processes handled by the control unit 55
are decreased. Therefore, the control unit 55 shifts an
original clock frequency into a lower clock frequency by
controlling a clock generator 54. For example, the clock
frequency of the low-power access state 311 may range
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from 50 to 150 MHz; the clock frequency of the low-power
idle state 312 may be from 0 to 50 MHz; and the clock
frequency of the suspension state 313 is 0 Hz.

[0035] Then, the clock frequency and the operation
voltage of the control unit 55 are decreased. Since the
power consumption is proportional to the clock frequency
and square of the operation voltage, the low-power state
consumes a smaller amount of power than the active
state.

[0036] Then, when an additional function service re-
guestis received from the user in the low-power idle state
312, the control unit 55 of the mobile handset is shifted
into the low-power access state 311. Here, the control
unit 55 shifts clock frequency of the clock generator 54
to the original frequency and provides the additional func-
tion service upon receipt of a user’s request.

[0037] The, if a request is not received from the user
for predetermined time in the low-power idle state 312,
the control unit 55 is shifted into the suspension state
313. The control unit 55 of the mobile handset suspends
the mobile communication function and additional func-
tions, sets an input interrupt receiving key inputs from
the user and a timer interrupt and suspends the clock
frequency of the clock generator 54. Since almost func-
tions of the mobile handset are suspended in the sus-
pension state 313, power is scarcely consumed.

[0038] After, when the input interrupt occurs upon re-
ceipt of an input from the user, the control unit 55 shifts
from the suspension state to the low-power idle state 312.
[0039] In addition, the mobile handset of the present
invention cannot receive urgent calls in the mobile com-
munication function inactive state, and when the user
forgetsto convertinto the active state, the mobile handset
can be the mobile communication function inactive state
for very long time. In order to preventing this, the mobile
handset may receive the call information such as short
messages and absent calls in the mobile communication
function inactive state.

[0040] Here, the mobile handset periodically shifts
from the mobile communication function inactive state to
the active state 110 upon manipulation of a user or a
power management program and re-accesses to the mo-
bile communication network for receiving the call infor-
mation in the mobile communication function inactive
state.

[0041] In addition, when a period for re-accessing to
the mobile communication network comes in the middle
of providing of the additional service, the mobile handset
shifts from the mobile communication function inactive
state 310 to the active state 110. Here, the additional
services are still available. When the additional service
is terminated, the mobile handset shifts from the active
state to the low-power idle state 312.

[0042] Inthe presentinvention, processes handled by
the control unit 55 have characteristics of hard real-time,
which is sensitive to real-time performance, in the active
state 110, it is desirable that the processes have to be
operated at the maximum speed. However, processes
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handled by the control unit 55 have characteristics of soft
real-time, which is not sensitive to real-time performance,
in the mobile communication function inactive state, the
clock frequency can be dynamically adjusted corre-
sponding to loads.

[0043] Fig. 6 is a flowchart showing a method for con-
trolling a low-power state of the mobile handset in ac-
cordance with an embodiment of the present invention.
[0044] First, when an inactivate request of a mobile
communication functions is received from the user, the
mobile handset is shifted into a low-power idle state by
blocking power of modules for the mobile communication
functions and decreasing frequency of a control clock at
step S601.

[0045] Then, when an additional service request is re-
ceived from the user in the low-power idle state, the mo-
bile handset is shifted into the low-power access state
by increasing the clock frequency at step S602.

[0046] Then, if the additional service request is not re-
ceived in the low-power access state, the mobile handset
is shifted into the low-power idle state at step S603.
[0047] Then, when request from the user is not re-
ceived for predetermined time in the low-power idle state,
the mobile handset is shifted into a suspension state by
setting up an input interrupt and a timer interrupt and
suspending the control clock at step S604.

[0048] Then, when the input interrupt and the timer in-
terrupt occur in the suspension state, the mobile handset
is shifted into the low-power idle state at step S605.
[0049] Meanwhile, when a request from the user is re-
ceived or when a predetermined period comes in the low-
power access state, the low-power idle state and the sus-
pension state, the mobile handset is shifted from the low-
power state to the active state, and receives absent mes-
sages and absent call records from a base station.
[0050] Here, after the mobile handset is shifted into
the active state, when the mobile handset does not ac-
cess to the mobile communication network or does not
receive the absentmessages and the absent call records
after accessing to the mobile communication network,
the mobile handset is shifts into the low-power idle state.
[0051] The above described method according to the
present invention can be embodied as a program and be
stored on a computer readable recording medium. The
computer readable recording mediumis any data storage
device that can store data which can be read by the com-
puter system. The computer readable recording medium
includes a read-only memory (ROM), a random-access
memory (RAM), a CD-ROM, a floppy disk, a hard disk
and an optical magnetic disk.

[0052] The present invention can reduce power con-
sumption and eliminate unnecessarily received calls by
automatically inactivating a mobile communication func-
tions in a predetermined time or upon manipulation of a
user, controlling a control clock and providing a low-pow-
er state disconnected with a mobile communication net-
work when the mobile communication functions are not
necessary or the user is in a public place and the mobile
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handset is used for additional functions such as watch,
address management, schedule management, camera,
voice recording and music playing more than the mobile
communication function.

[0053] Also, the present invention can hold call oper-
ation with a small amount of power consumption by ac-
tivating the mobile communication function of the mobile
handset in every predetermined time without user’'s man-
agement and providing access and disconnection with
the mobile communication network.

[0054] While the presentinvention has been described
with respect to certain preferred embodiments, it will be
apparent to those skilled in the art that various changes
and modifications may be made without departing from
the scope of the invention as defined in the following
claims.

Claims

1. Amethodfor controlling alow-power state in a mobile
handset, comprising:

shifting from an active state to a low-power idle
state by blocking power of modules for a mobile
communication function and decreasing a fre-
quency of a control clock when an inactive re-
quest of the mobile communication function is
received from a user.

2. The method of claim 1, further comprising one or
more of the following:

shifting from the low-power idle state to a low-
power access state by increasing the frequency
of the control clock when an additional service
requestis received from the user in the low-pow-
er idle state;

shifting from the low-power access state to the
low-power idle state if the additional service re-
quest is not received any more in the low-power
access state;

shifting from the low-power idle state to a sus-
pension state by setting an input interrupt and a
timer interrupt and suspending the control clock
when a request from the user is not received for
predetermined time in the low-power idle state;
and

shifting from the suspension state to the low-
power idle state when the input interrupt and the
timer interrupt occur in the suspension state.

3. The method as recited in claim 1 or 2, further com-
prising:

shifting from the low-power access state, the
low-power idle state or the suspension state, to
the active state at every predetermined period;

[$]

10

15

20

25

30

35

40

45

50

55

and
receiving absent messages and absent call
records from a base station.

4. The method as recited in one of claims 1 to 3, further
comprising:

shifting from the low-power access state, the
low-power idle state or the suspension state, to
the active state when a request from the user is
received; and

receiving absent messages and absent call
records from a base station.

5. Themethod asrecitedin one of claims 1to 4, wherein
a clock frequency in the low-power access state is
from 50 to 150 MHz.

6. Themethodasrecitedinoneofclaims 1to5, wherein
the clock frequency in the low-power idle state is
from 0 to 50 MHz.

7. Themethod asrecitedinone of claims 5to 6, wherein
the clock frequency in the suspension state is 0 Hz.
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FIG. 1
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FIG. 3
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FIG. 5
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FIG. 6
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